A method for identifying and quantifying caffeoylquinic acids (CQAs) in aqueous extracts of the leaves of Aster koraiensis (AKAE) using high-performance liquid chromatography coupled with diode-array detection and electrospray ionization mass spectrometry was developed. Six CQAs (5-CQA, 3-CQA, 4-CQA, 3,4-diCQA, 3,5-diCQA, and 4,5-diCQA) in AKAE were identified by comparing their retention times and ultraviolet spectra with those of the corresponding standards, and the results were confirmed by ESI/MS. The developed HPLC method was applied to quantitative analyses of the six CQAs in AKAE, whose contents in AKAE were in the range 2.04-4.00 mg/g. The inhibitory activities of the CQAs against human neutrophil elastase (HNE) were also evaluated; all tested di-CQA isomers showed considerable inhibition of HNE activity, with IC 50 values ranging from 2.09 to 14.20 µM, while three mono-CQAs exhibited no such activity (IC 50 > 100 μM). 3,5-diCQA and 4,5-diCQA inhibited HNE in a mixed-type noncompetitive manner, with inhibition constant (K i ) values of 0.47 and 1.4 µM, respectively.
Recently, we have been studying the inhibitory activity of aqueous extracts of the leaves of A. koraiensis (AKAE) against human neutrophil elastase (HNE), and investigating whether this activity is mediated at least in part by CQAs.
In this study, high-performance liquid chromatography (HPLC) coupled with diode-array detection (DAD) and electrospray ionization mass spectrometry (ESI/MS) was used for qualitative and quantitative analyses of CQAs in AKAE. We further investigated the HNE inhibitory activity and the kinetic mechanism of inhibition of the CQAs present in AKAE.
The main chromatographic peaks in AKAE were identified by comparing their retention times and UV spectra with those of the corresponding commercial standards, and the results were confirmed by ESI/MS.
The chromatographic, UV, and ESI/MS data used for identification are presented in Table 1 . Typical chromatograms of the standard solution and AKAE are shown in Figure 1 . Chromatographic peaks standards confirmed the identifications of peaks 1, 2, and 3 as 5-CQA, 3-CQA, and 4-CQA, respectively. Peaks 4, 5, and 6 had UV spectra identical to the CQAs described above and a pseudomolecular ion at m/z 515 in the negative ion mass spectra, which suggests di-CQA positional isomers [12, 13] . They were attributed to 3,4-diCQA, 3,5-diCQA, and 4,5-diCQA, respectively, by co-elution with authentic standards of these compounds. The chemical structures of the six identified CQAs are presented in Figure 2 . The HPLC method was validated by defining its linearity, limit of detection (LOD), limit of quantification (LOQ), accuracy, and precision. The regression equations for the reference standards, together with the LOD and LOQ values, are shown in Table 2 . All of the calibration curves showed good linearity (r 2 ≥ 0.9999) within the test ranges. To test the precision of the analytical method, the intra-and inter-day variation for six reference standards were determined. As shown in Table 3 , the RSD values of the intra-and inter-day precisions of the six standards were in the ranges 1.07-1.39% and 1.74-2.42%, respectively. The recovery rate of each standard was in the range 96.2-101.2%, and their RSD values were less than 3% (Table 3) , which indicates that the developed method has a high level of accuracy. Thus, the developed method is reliable and accurate for quantitative determination of the six CQAs in AKAE. The developed HPLC-DAD method was used for quantitative analyses of the six CQAs in AKAE. The sample was analyzed in triplicate, and the results are summarized in Table 4 . The contents of the six CQAs in AKAE were in the range 2.04-4.00 mg/g. To further characterize the HNE inhibitory behavior of CQAs, an enzymatic kinetic study was performed using two potent inhibitors (3,5-diCQA and 4,5-diCQA) at various concentrations. Under the experimental conditions, the oxidation of HNE by 3,5-diCQA and 4,5-diCQA followed Michaelis-Menten kinetics. As shown by the Lineweaver-Burk plot (Figure 3) , the x-intercept (-1/K m ) decreased with increasing concentrations of 3,5-diCQA and 4,5-diCQA (from 0 to 5 μM), whereas the 1/V max value gradually increased. Therefore, 3,5-diCQA and 4,5-diCQA inhibit HNE in a mixed-type noncompetitive manner. Dixon plot analyses indicated that the inhibition constant (K i ) values of 3,5-diCQA and 4,5-diCQA were 0.47 and 1.42 µM, respectively ( Figure 3 , Table 5 ).
HNE is a member of the chymotrypsin family of serine proteases, found primarily in the azurophilic granules of neutrophils. An imbalance between HNE and its endogenous inhibitors can lead to abnormal degradation of healthy tissue, resulting in the development of chronic inflammatory diseases, such as rheumatoid arthritis, pulmonary emphysema, adult respiratory distress syndrome, cystic fibrosis, and delayed wound healing [14] . Thus, the development and investigation of HNE inhibitors may enhance the prevention and treatment of inflammation-related diseases.
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Natural Product Communications Vol. 13 (11) 2018 1521 In the present study, we investigated natural products that inhibit HNE and found that A. koraiensis leaves are a potent HNE inhibitor. Thus, we propose using A. koraiensis leaves for the development of anti-HNE agents. Our results further show that the high HNE-inhibitory activity of this plant was due in part to the CQAs present in extracts. We developed a sensitive, accurate, and specific method to identify and quantify CQAs in AKAE using HPLC with DAD and ESI/MS. We believe that this method will facilitate the quality control and standardization of AKAE. . The purity of all reference standards was >98%. Acetonitrile, methanol, and water were of HPLC grade and were purchased from J.T. Baker (Phillipsburg, NJ). Formic acid was purchased from Merck (Darmstadt, Germany).
Experimental
Preparation of sample and standard solutions: Air-dried leaves of A. koraiensis (1 kg) were extracted with distilled water (10 L) at 100°C for 3 h using a heat-reflux extractor. The extract solution was filtered and lyophilized to generate an extract powder of the leaves of A. koraiensis (210 g, yield 21%). This sample extract (50 mg) was dissolved in 20% methanol (10 mL) and the solution was filtered through a 0.45 μm syringe filter (Whatman, Clifton, NJ) prior to injection. Standard stock solutions of six reference standards (all at 1 mg/mL) were prepared in HPLC grade methanol, stored at <4°C, and used for HPLC analyses after serial dilution in methanol.
HPLC-DAD conditions:
HPLC analyses were performed using an Agilent 1200 HPLC instrument (Agilent Technologies) equipped with a binary pump (G1312A), vacuum degasser (G1322A), autosampler (G1329A), column compartment (G1316A), and diode array detector (DAD, 1365B). Data were collected and analyzed using Agilent ChemStation software. Chromatographic separation was conducted using a Luna C 18 (250 × 4.6 mm, 5.0 μm; Phenomenex) and the column temperature was maintained at 35°C. The mobile phase consisted of acetonitrile (A) and 0.1% formic acid in water (B) with gradient elution for better separation. The gradient solvent system was optimized as follows: 90-86% B (0-25 min) and 86-75% B (25-60 min). The column was re-equilibrated with 90% B for 10 min prior to each analysis and the flow rate was set at 1.0 mL/min. The detection was conducted at 325 nm and the injection volume of each sample was 5 μL.
LC-ESI/MS conditions:
The HPLC conditions for ESI/MS analyses were identical to those for HPLC-DAD analyses. An Agilent 1200 series LC/MSD trap mass spectrometer was connected to the HPLC-DAD system via an ESI ion source as the interface. The mass spectrometer was operated in negative ionization mode. The conditions for negative-mode MS analyses were as follows: nitrogen was used as the drying gas at a temperature of 350°C and a flow rate of 9 L/min, the nebulizer was set at 40 psi, and the end plate voltage was -500 V. The mass analyzer scanned from 100 m/z to 1000 m/z. The capillary voltage was 3200 V, and the fragmentation amplitude was set at 1.0 V.
Method validation:
The HPLC method was validated in terms of its linearity, LOD, LOQ, accuracy, and precision. For linearity validation, standard solutions at five levels were prepared by serially diluting the stock solution. Each analysis was repeated three times, and the calibration curves were fitted by linear regression. The LOD and LOQ data obtained under the optimal conditions were determined using signal to noise (S/N) ratios of 3 and 10, respectively. To evaluate the precision of the method, the standard solution was analyzed six times under the optimal conditions during a single day for intra-day variation, and on three consecutive days for inter-day variation. Precision was expressed as relative standard deviation (RSD). The accuracy of the method was determined by assessing recovery. The recovery test was carried out by adding different amounts (low, medium, and high) of standard compounds to a known amount of sample. The solutions were prepared in triplicate and the percentage recovery was calculated.
HNE inhibitory assay: HNE inhibitory activity was evaluated following a procedure described previously [15] . Briefly, 100 µL reactions containing 10 mM Tris-HCl buffer (pH 7.5), 1.0 mM MeO-Suc-Ala-Ala-Pro-Val-p-nitroanilide (Sigma), 0.18 U HNE (Calbiochem), and various concentrations of sample were incubated in a 96-well plate for 1 h at 37°C in the dark. Each reaction was stopped by adding 100 µL soybean trypsin inhibitor (0.2 mg/mL; Calbiochem), and the absorbance at 405 nm was immediately measured using a microplate reader. Epigallocatechin gallate (EGCG, 99% purity; Sigma) was used as the positive control. Experiments were performed in triplicate. The IC 50 value was estimated from the least squares regression line of the logarithmic concentration plotted against remaining activity using GraphPad 5.0 Prism software (GraphPad Software, Inc.).
Kinetic analyses:
A kinetic study was conducted in the same reaction medium in the presence of various concentrations of sample and substrate concentrations of 0.1 to 0.8 mM. Reactions were started by adding diluted substrate and values were recorded every 2 min for 10 min at 37°C. The maximum velocity (V max ) and Michaelis constant (K m ) were determined according to the means of Lineweaver-Burk plots. The inhibition constant (K i ) was calculated from the Dixon plot. Graphs were plotted using SigmaPlot 12.5 software (Systat Software, Inc.).
